The ophthalmic dysfunction amblyopia, commonly known as lazy eye, is characterized by decreased vision in one eye due to improper development in childhood. The aim of this study was to obtain and characterize natural rubber membranes and to assess their utility as an eye film capable of altering the passage of light. The latex membranes were produced using the Van Gogh method and the deposition technique and were analyzed by physical and chemical methods to determine the properties of latex in natura and of natural rubber membranes. The materials were characterized by X-ray diffractometry, scanning electron microscopy, thermogravimetry, differential scanning calorimetry, analysis of water sorption and light crossing analysis. We report here a new approach to the treatment of patients with amblyopia using latex membranes.
Introduction
Amblyopia is an eye pathology that develops during childhood. It is characterized by decreased visual acuity in one eye, which can be attributed to abnormal visual development during the early years of life, and few treatments are available. The prevalence of amblyopia in children is estimated to be 1-4% around the world, and it is the most common cause for the decrease in visual acuity in childhood 1 . One of the methods used for the treatment of amblyopia is optical correction followed by occlusion of the eye with better visual acuity to enable the weaker eye to develop 2 . Research on the effects of occlusion has shown that secondary deprivation effects may arise from fixation of the eye and that the occlusion time should not be longer than 6 hours 3 . This trend has also been observed in the ophthalmic community in Brazil, although there is a lack of national clinical evidence 4 . Rapid technological development and advances in medicine have substantially improved the life quality of people. One of the advancement is the development of biomaterials, which are used to replace, partially or totally, the lost or damaged organic tissues. Besides the biocompatibility, suitable biomaterials for use in medical devices should be easily molded into complex shapes. Generally, biomaterial's requirements can be grouped into four broad categories: biocompatibility, ability to be sterilized, functionality, and reproducibility 5 . Biomaterials can be used to manufacture contact lenses 1 , since they are defined as active substances capable of interaction with the surrounding tissue without causing an immune response 6 . Natural latex from the rubber tree, Hevea brasiliensis, is a raw material of high quality and durability, with biocompatible physical and chemical characteristics, antigenicity, hypoallergenicity, impermeability, elasticity, softness, flexibility, and low cost and resistance. These characteristics are in agreement with the most current scientific studies and provide patients with increased comfort and reduced risk of developing allergies.
It should be noted that latex has already been used for the production of esophageal prostheses, biomembranes, and an esophageal flow controller module 7 . Latex is excellent for inducing repairs, such as in bone loss and injuries to skin and blood vessels 8 . In vivo tests in the conjunctiva of rabbits showed that natural rubber membranes promote healing of conjunctival scarring and angiogenesis
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. Andrade et al. 10 study was carried out to compare the immunobiological mechanisms and the oxidative stress status involved in tissue healing stimulated with these membranes. In this study, we chose the latex, LENCOC ® , as the material for the production of membranes based on previous research and because it is a simple material that is easy to handle 11, 12 . Latex is a polyphasic and polydisperse colloidal system containing poly (cis) isoprene molecules in suspension. The latex stability is due to the presence of water-insoluble proteins and lipids that act as natural surfactants. Natural rubber latex comprises particles of rubber hydrocarbon, which are non-gummy and suspended in an aqueous serum phase whose average composition is 36% oil, 1.4% protein, 1.6% carbohydrates, 1% neutral lipids, 0.6% glycolipids and phospholipids, 0.5% inorganic components, 58.5% water, and 0.4% other substances 7 .
The physiological functions of latex in the plant are: transport and storage of nutrients; providing protection to the plant through promoting wound healing and controlling insect attacks; as a water reserve during dry seasons; and providing continuous tissues supplies derived from cyclopentose via the cyclic pentose phosphate pathway, which is essential for development 13 . The methods used for the production of latexbased devices have been used since 1996 when it was first proposed and described by Mrué 14 , cited in 11 who developed a production method that has been validated to date for numerous artifacts, to be used as inducers of neovascularization and tissue repair.
However, this traditional method cannot be applied to the manufacture of occlusion lenses because of the high density of the chemically heterogeneous latex and the presence of impurities. Therefore, we focused on techniques that allow the degradation of polymers, and, if possible, the regeneration of the monomers for later use without introducing hydroxide and formaldehyde. Thereby, latex will be as a translucent rubber film that will allow light to pass through in irregular paths (and thus prevent clear visualization of the object), with diffuse reflection and minimum absorption of light to prevent heat generation.
We present here a simple approach to eye occlusion based on an ophthalmic membrane made of an occluding biomaterial derived from natural rubber latex. Natural rubber membranes were developed using two different techniques, the Van Gogh technique and the deposition technique. The different membranes were characterized by physical and chemical methods to determine the properties of the latex in natura and of the membranes subjected to heat treatment at 40ºC and 70ºC. The materials were characterized using X-ray diffractometry (XRD), scanning electron microscopy (SEM), thermogravimetry (TG), differential scanning calorimetry (DSC), and analysis of water sorption and light crossing analysis. Based on their physical and chemical properties, the applicability of latex membranes from natural rubber as biocompatible ophthalmic occluders was evaluated.
Materials and Methods

Preparation of the raw material
The latex used was purchased from the domestic market. It had already gone through the centrifugation process and contains suspensions of sulfur and resin purchased from the suppliers in the Southeast region. High sulfur concentration gives the latex, after vulcanization, an adhesive property and low viscosity. However, it would require a long time to conclude the development of the membranes, therefore, was chosen the double centrifugation and pre-vulcanization latex.
From the natural latex, a final compound was prepared by the addition of chemicals by following the steps previously described 11 . This procedure provides the latex membrane (LENCOC ® ) essential characteristics for a lens-elasticity, softness, strength, impermeability, and hypoallergenicity.
Preparation of the mold
The technique development to obtain the latex membrane was performed in the Biomaterial Engineering Laboratory -BioEngLab ® , at the Faculdade UnB Gama, according to the steps for the production of the mold and membrane, as described below.
In the Van Gogh technique, a mold has been developed. It was made of plastic material coated with an acrylic layer, measuring 3 cm in width, 3 cm in length, and 1.5 cm in diameter as previously described 11 . The production of the membrane need be customized for each patient, in order that its shape and proportions to follow the characteristics of the patient's eyes, thus providing greater comfort.
Preparation of the membranes
The Van Gogh technique was based on the immersion technique 14, 15 , which consists on the insertion of the molds into the final latex compound, perpendicular to the plane, in a gradual and uniform way, followed by heating in an incubator with a thermostat. This step represents the beginning of polymerization, which determines the final characteristics of the product. After this phase, the mold was removed slowly and gradually, placed in the incubator and subjected to vulcanization at a temperature of 40ºC. The molds were then removed and the membranes were prepared using thick brush strokes by means of a flexible rod with cotton-covered tips, 1 cm away from the mold, moving back and forth to completely cover the mold. This procedure was repeated by three or four times in succession, followed by drying in an incubator at temperature of 40ºC, with 2-hour time intervals in order to obtain membranes with a thickness up to 0.2 mm. After this drying period, the Van Gogh membranes were maintained in their state of rest for 24 hours at room temperature to complete the procedure.
The membranes were obtained by deposition on the petri dish as described previously 16, 17, 18 . The transparency of the membrane was favored by the use of room temperature. The vulcanization procedure can leave the membrane with a more yellow appearance. However, for the preparation of these membranes, an average of 3 to 4 days for total drying and polymerization are required, because the structure and shape of the membrane must be uniformly preserved; thus, a more thorough preparation process is needed. The membranes obtained by deposition in the petri dishes had a diameter of 8 cm and a thickness of 0.3 mm.
The latex membranes obtained by both techniques were developed using several different protocols to obtain a model that maintains the main features-occlusion of light, appropriate thickness, and applicability. The latex membrane will henceforth be identified as Van Gogh membranes obtained from three baths (M1) and four baths (M2), both vulcanized at 40ºC; the membranes obtained by the deposition technique vulcanized at 40ºC will be referred to as M3 and those vulcanized at 70ºC will be referred to as M4.
The development of membranes started from the preparation of the environment and the raw material until the physical and chemical characterization of the membranes, which comprised a series of steps as presented in the flowchart in Figure 1 .
About the TGA, differential thermogravimetric (DTG) analysis, and DSC were performed using a Netzsch Leading Thermal Analysis STA 449 F3 Jupiter. All analyses were performed with a 5 mg sample in aluminum pans under a dynamic nitrogen atmosphere between 25ºC and 800ºC. These experiments were performed at a scanning rate of 10 K/min.
The water sorption measurements were performed by immersing the membranes in saline solution (0.9% NaCl). The ability of the membranes to absorb water salt solutions (aqueous solutions of 0.9% NaCl and 0.1% purified water; physiological saline) was determined using the initial dry mass as a parameter for monitoring the mass increase over time. Samples of vulcanized membranes with an area of 1 cm 2 were hydrated and kept in 25 ml of saline solution for 24 hours at room temperature and humidity throughout the duration of the experiment. At pre-set time intervals, the membranes were removed from the solution, dried on absorbent paper, and weighed quickly. This entire procedure was performed quickly, and at each weighing, the membranes were immersed in the saline solution again. At the end of the experiment, the water sorption capacity of each membrane was analyzed.
The variation in mass gain was calculated according to
, where m i is the initial mass and m f is the final mass of the moist membrane.
About the Light crossing analysis, an optical device called focimeter was used. It focuses the optical system for which light is sent to evaluate the degree of the lens; the scale interval that appears on the display is a dioptric numerical value. For this characterization, a Nidek CLE-60 digital focimeter was used, in an optometry clinic in Goiânia, GO, Brazil.
To read the dioptric numbers, the sharpness of the reticles in the focimeter needs to be adjusted. The reticles are images overlapping the display that represent the light refracted in a lens of a certain diopter. When we make this reticle clear, it means diopter X of the lens being read is ideal for the formation of that particular image, and the dioptric readings are performed 19 . The light crossing analysis was performed with the objective of evaluating the passage of light trough the membranes and verifying the behavior of the surface light on the rugosity of the Van Gogh technique. It is worth mentioning that the equipment that was used for this analysis was perfectly calibrated so the measurements present a high degree of reliability.
Results and Discussion
About the Fluorescence measurements, the X-ray fluorescence technique (EDX) was used to identify the chemical components in the membrane after every process. As the amount of energy released is specific to each element, it is possible to identify the chemical elements that are 
Characterization of the membranes
The prepared latex membranes M1, M2, M3, and M4 were characterized by X-ray diffraction, SEM, thermal gravimetric analysis (TGA), DSC, X-ray fluorescence analysis (EDX), water sorption analysis and light crossing analysis to investigate the characteristics of the latex in natura and of natural rubber membranes heat-treated at 40ºC and 70ºC. The membranes were characterized in the "Laboratory for Magnetic and Optical Analyses" and in the "Laboratory of Catalysis", Environment and Materials, both at the State University of Rio Grande do Norte.
The fluorescence was measured at room temperature on a fluorescence spectrophotometer (SHIMADZU EDX-7000, Energy Dispersive X-Ray Fluorescence Spectrometer).
XRD (Rigaku Miniflex II RV-200B X-ray diffractometer) of latex membranes was performed using a Cu-Kα target at 30 kV and 30 mA. The diffraction angle was varied within the range of 5º < 2θ < 50º at a scan rate of 2º/min. SEM images of the latex membranes were obtained using a TESCAN MIRA 3 FFG electron microscope (filament, tungsten; voltage, 25.0 kV). Prior to the analysis, all samples were covered by a carbon layer and metalized with gold. present at the point of incidence of the beam. In addition to identification of chemicals, this device also allows mapping of their distribution and generation of compositional maps for each desired element. Table 1 presents EDX data obtained on the chemical composition of the membranes. High amounts of sulfur and potassium were detected on all membranes, and the quantities of phosphorus and zinc were lower than other components. The membranes developed using the Van Gogh technique, M1 and M2, had slightly higher quantities of sulfur than the membranes developed using the deposition technique. The M4 had lower amount of sulfur because of vulcanization at 70ºC, which increased the amount of potassium in relation to that in other membranes. This reaction occurred because the Van Gogh technique uses a smaller amount of the compound. M1 was thinner (3 baths) than M2 (4 baths) in the vulcanization process at 40ºC, suggesting that vulcanization is faster in a thinner layer.
Using EDX, we identified the components in the latex, in the preparation and centrifugation techniques according to the samples of natural rubber membranes, both belonging to isoprene, the main constituent of latex, as well as to the functional groups.
It's possible to see better solubility of sulfur than potassium. Therefore, when the membrane is vulcanized at high temperatures, there is higher molecular mobility; therefore, the amount of sulfur decreases and the amount of potassium increases, for M4 membrane. The sum of S and K remains roughly the same at all samples, accounting for more than 90 % of total samples constituent content, aside from carbon. Zinc had increased in M3 due to the slow vulcanization of the latex compound in the Petri dish.
Other metals, such as copper and iron, didn't have significant representation. These minerals will not cause allergy in contact with the eye, since they're already part of the human body and can also be found in food, which are mandatory for the function of biological systems.
The Figure 2 shows the X-ray diffraction profiles of M1 and M2, developed using the Van Gogh method, and M3 and M4, developed using the deposition technique. The X-ray diffraction profile of the membranes is predominantly amorphous and has a reflection band at 2θ = 19º, which is in agreement with data previously reported in the literature 20, 21, 22 .
Although the membranes present an amorphous character, a notable difference between the diffractograms of the membranes can be observed depending on the preparation technique. The X-ray diffraction profiles of membranes M3 and M4, developed at different vulcanization temperatures, showed some crystallinity, which was different from that of the membranes M1 and M2. Notably, increasing time involved in preparing the membranes increased the chemical crosslinking between isoprene segments, in which explains the higher crystallinity shown by the latex membrane prepared using the deposition technique. The Figure 3 shows the TG and DTG curves for the M1 and M2 Van Gogh membranes; for M3 and M4 membranes developed using the deposition method; and for the natural rubber latex (NRL). The complete degradation of sulfur occurs at a temperature of approximately 300 ºC, which is consistent with the onset of thermal degradation of the NRL and membranes. For all samples, no significant degradation was observed before 320 ºC. The maximum degradation temperature of the polymer was approximately 375 -377 ºC, which demonstrates that the preparation techniques did not significantly affect the thermal behavior of the membranes. Thermogravimetric data obtained from TG and DTG curves are shown in Table 2 . It's possible to observe that the temperature ranges in which can be observed the stages of degradation, mass losses established for each event, and final residue.
T f as the final temperature of that degradation stage; C 0 , C p , and C f are the mass percentage in T 0 , T p , and T f , respectively.
The Figure 4 shows the DSC curves for NRL, for the Van Gogh M1 and M2 membranes and for the M3 and M4 membranes prepared by the deposition method. Notably, all the membranes and NRL presented exothermic events. Table 2 . Thermogravimetric data obtained from the treated membranes, where T 0 is the initial temperature of thermal degradation, T p is the maximum temperature degradation, T f is the final temperature of that degradation stage, and C 0 , C p , and C f are the mass percentage in T 0 , T p , and T f , respectively. Further inspection of thermal degradation of the membranes in Figure 3 shows that the DTG curves present a slight asymmetry evidenced by a slant around 400 -460 ºC. This assymetry is due to the slow decomposition of polymer chains or highly cross-linked polymeric residues. Complete degradation of the membranes as well as that of the NRL occurred in a single stage, which was completed at a temperature range of 464 -469 ºC. These results are similar to those found in the literature 23 . The mass loss observed in this temperature range can be linked to the oxidative pyrolysis of rubber, vaporization, and removal of volatile products. In thermodegradation of polyisoprene, fragmentation leads to depolymerization of the macromolecules generating the main products, isoprene and dipentene 24 . Above 470 ºC no other significant decomposition event was observed, suggesting the presence of only decomposed gas, ash, and inorganic species (oxides, carbonates, phosphates and metal silicates) at this stage, which could be due to the presence of impurities or substances that would be naturally present in latex.
The Table 2 shows T 0 as the initial temperature of thermal degradation; T p as the maximum temperature degradation; The thermal behavior of the latex membranes is similar to the NRL (Figure 4) , where the exothermic processes are clearly observed. The exothermic event observed in at 350 -460 ºC is consistent with the macromolecular thermodegradation of the membranes. First, the crosslinking between the polymer chains breaks in the vulcanization process. This is followed by depolymerization of the compound, which coincides with the thermogravimetric results already reported in the literature 24 . In addition, a significant difference between the DSC curves of the membranes was observed in this temperature range in which we perceive a wider range of energy related to the M3 and M4 membranes obtained by deposition, compared to the M1 and M2 Van Gogh membranes. This is consistent with the X-ray diffraction profile of the M3 and M4 membranes, which had showed the increased crosslinking between the isoprene chains. This increased crosslinking would consequently release a greater amount of energy following thermal degradation.
About the scanning electron microscope, the Figure 5 shows the micrograph of the M1 and M2 membranes produced by the Van Gogh technique, heat-treated at 40ºC. The M1 membrane prepared using 3 baths showed roughness and porosity throughout the area of the micrograph, with the pores distributed throughout the membrane and allowing water sorption. In the M2 membrane, prepared using 4 baths was denser, as evidenced by the presence of rubber particles. This increased density decreased the size (less than 1 μm) and distribution of the pores throughout the membrane. Figure 6 shows the micrograph of the membranes produced by the deposition technique. M3, which was heat-treated at 40ºC, had showed the presence of rubber particles in a denser and more organized distribution. In M4, which was heat-treated at 70ºC, larger pores were observed. The Table 3 shows the mass gain by the membranes and the time taken for stabilization. This analysis showed that M1 gained greater mass at a slower rate, while M4, which was heat-treated at 70ºC, stabilized in a shorter time. M3 absorbed the largest amount of water. M2 absorbed 4.4% water over a 105 min interval. Of the membranes produced at 40ºC, those produced by the 4-baths Van Gogh technique showed lower water absorption.
Talking about the light crossing analysis, the focimeter is used on specific materials for glasses and contact lenses. In an eyeglass lens, for example, the values presented in S and C represent the degree, with positive for astigmatism and negative for myopia; A represents the axis and the prism (Δ) the variance of the light beam. In a normal contact lens, the values presented are: S = 0.25, C = 0.25, A = 24 and Δ = 0. These values represent two values for diopters and two values for the axis. When measuring the membranes, the numerical value of the instrument was disregarded. As such values cannot be assessed in latex.
In the focimeter device, has been observed the measurement of the light beam on the latex membrane. In this essay, five samples of each membrane were tested in order to verify their reproducibility. On membrane M1, could be observed that the beam locates the optical center, indicating a small passage of light. Due to the irregular surface caused by the brushes, the equipment shows an error in measurement. Consequently, the Van Gogh technique, with its brushes, made the surface rugose and gave a diffuse passage of light.
On membrane M2, all membranes did not present passage of light. The focimeter did not locate the optical center, which caused a measurement error. Membrane M2 has the most irregular surface due to a difference in manufacturing from M1, because the number of brushes was higher. This data prove the membrane is opaque, which is a characteristic of occlusion.
On membranes M3 and M4, produced with the deposition technique, the surface did not have irregularities. The focimeter performed the reading through the optical center, measuring the values, with no errors and total passage of light.
Thus, the Van Gogh technique can be considered as viable for the manufacturing of latex membranes for treating amblyopia. The passage of light was diffuse due to the rugosity and opacity, which will provide partial or total light occlusion in the eye of the patient. M1 presented a diffuse passage of light, which can stimulate the eye beyond the occlusion. M2 presented opacity with total occlusion of the light, which can benefit the treatment when compared with the eyepatch.
It is important to mention that the optometrist must investigate each case and identify the best treatment. With this, we aimed at using biotechnology and engineering to improve the therapy for a disease, that is related to visual disability, improving the quality of life of patients and thus reducing the possibility of future problems.
Conclusion
This optical engineering study highlights the potential use and great advantages of the LENCOC ® latex membrane for a safe and comfortable option for treating amblyopia. During the characterization process, we defined four distinct types of membrane samples according to different temperatures, and the use of Van Gogh or deposition techniques. All of them have been tested using different equipment for the physical and chemical analysis of the biomaterials. The M1 membrane allowed the passage of diffuse light, causing partial occlusion, which preserves the movements and stimuli in the eye; Membrane M2 is opaque, without passage of light, and it is thin, transparent and has low water absorption; so, it can be used to treat amblyopia, replacing the cap with more comfort and providing a shorter treatment.
This study presented use of a LENCOC ® latex membrane for the treatment of amblyopia. The Van Gogh technique demonstrated that the physical and chemical characteristics of the latex membrane present results compatible with the eye when applied as an occluder, reinforcing its biomaterial characteristic. The confection method is reproducible and the latex membrane is very stable.
Further in vivo studies are needed to determine the feasibility of this technique. The primary focus of this study was to characterize the latex for use as an occluder for the treatment of amblyopia.
Owing to the importance of biosafety in medical bioengineering research, extensive studies to confirm the efficacy of new treatment methods are critical. Thus, the development of natural latex membranes can lead to improvements in the treatment of amblyopia patients.
